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CBEPXCBETOBblE nEPEMELU,EHM5I B 
(nOJiy)KJlACCHMECKOM OTO 

C. B. KpaCHHKOB* 
AHHOTaijHH 



PaccMaTpHBaeTCH bo3mojkhoctb CBepxcBeTOBBix nepeMenj,eHHH „He- 

TaXHOHHblx" (t. e. flBHJKymHXCH C MrHOBeHHOH CKOpOCTBK) v < c) 

I Teji b paMKax o6nj,ef! Teopim othochtcjibhocth. 06cyjKflaeTCH 3anpeT, 

npeflnojiojKHTejiBHO HajiaraeMBiit Ha TaKHe nepeMein,eHHH KBaHTOBOH 
Teopneii nojiH. ^eMOHCTpnpyeTCH HecoeroHTejibHOCTB SToro 3anpeTa b 
| o6in,eM cjiynae. 
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7; 1. CBEPXCBETOBblE riEPEMEmEHPra 



KjironeBBie cjiOBa: CBepxcBeTOBBie nepeMemerora, npunnHHOCTb , KpoTOBHHa, 



«CKopocTb Tejia, cocToamero H3 oSmhhoh („HeTaxHOHHOH") MaTepnn He mojkgt 
npeBbiniaTb CKopocTb CBeTa». Ecjih nofl „CKopocTbio" noHHMaTb „MrHOBeHHyio 
CKopocTb", t. e. CKopocTb b TOHKe, to 9to yTBep>KfleHHe eepno, ho maemoAoeuHHO 
— ecjiH HaH^eTCfl Tejio, JieTam,ee ObiCTpee CBeTa, ero npn^eTca Ha3BaTb TaxnoHOM. 
Ha npaKTHKe, o^HaKO, no^ CKopocTbio b ^aHHOM cjiynae noHHMaeTca Henro 

HHOe (HeHTO BpOfle 3(p(peKTHBHOH Cpe^Hefi CKOpOCTH, KaK Mbl yBHflHM). YTBepiKfleHHe 

OKa3biBaeTca codepwcameAbHUM h HeeepnuM. 

CnHTaeTca, hto paccT05mne Me>K^y 3eMjien h ^eHeSoM cocTaBjiaeT d = 
1500 CBeTOBbix jieT. /IpnycTHM, Kopa6jib cyMeji ^ojieTeTb ot 3eMjin ,a,o /IeHe6a 
3a BpeMa T\ < 1500 JieT, hjih — HHJKe mm yBH^HM, hto bto coBepnieHHO 
pa3Hbie flonyni;eHHa — cyivieji ^ojieTeTb flo ,HeHe6a h BepHyrbca Ha 3eMJiio 
3a T 2 < 3000 JieT (b o6ohx cjiyaaax Bpeivia H3MepaeTca no 3eMHbiM nacaivi). 
IlpeflCTaBjifleTCfl BnojiHe 3aKOHHbiM Ha3BaTb Taxoe nepeMemeHne „CBepxcBeTOBbiM", 
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nocKOJibKy d/Ti > c. KaK mm yBiifliiM nyTb HHJKe Ha KOHKpeTHbix npniviepax, 
CBepxcBeTOBoe — b stom CMbicjie — nepeMemeHHe bo3mo>kho, b npiminine, 
fla>Ke fljia Tejia, ^BHJKymeroca c MrHOBeHHOH CKopocTbio v < c. 3to CB33aH0 
c npnpoflOH BejiHHHHbi d: b o6meM cjiynae b OTO e^Ba jih mojkho npn^aTb 
pa3yMHbiii cmmcji iiohstpiio „paccToaHiia Me>K,zry TejiaMn", a Kor^a sto OKa3biBaeTca 
B03MO>KHbiM, paccTOHHne BOBce He o6a3aHO coBna^aTb c TeM, hto Bbinie 
SbiJio o6o3HaHeHO d. YTBepjKfleHHe «paccTOHHHe Meac^y 3eMJien h ^eHeSoM 
cocTaBjiaeT 1500 cbctobbix jieT» cjie^yeT, CTporo roBopa, noHHMaTb cjie,zryioiu,HM 
o6pa30M. EcTb o6jiacTb BcejieHHoii N, BKjnoHaiomHH b ce6a nacTb mhpoboh 

JIHHHH 3eMJIH, HaCTb MHpOBOH JIHHHH Jlene6dL H HeKOTOpbie H3 COe^HHiHOHTHX 

hx H30TponHbix reo,n;e3HHecKHx. 06jiacTb 3Ta (npn6jiH3HTejibHo) njiocKaa h 
mm MOJKeM pacciviaTpHBaTb ee h KaK nacTb peajibHoro npocTpaHCTBa-BpeivieHH 
(c ero, bo3mojkho, oneHb cjicokhoh reoMeTpneii), h KaK nacTb dSuKmuenozo 

npOCTpaHCTBa MHHKOBCKOrO, B KOTOpOM MHpOBbIM JIHHH3M 3eMJIH H ,I[eHe6a 

cooTBeTCTByiOT napajuiejiBHbie npaMbie. IIoHaTHe paccToaHHa Me>K,zry t3khmh 
npaMbiMH bbo^htcji oneBHflHbiM o6pa30M. HivieHHO sto paccroaHHe h cocTaBJiaeT 
1500 CBeTOBbix jieT. 

KaK aBCTByeT H3 BbiniecKa3aHHoro, CBepxcBeTOBbie nepeMemeHHH y,n;o6HeH 
o6cyjK,i],aTb He b TepMHHax CKopocTen, a cpaBHHBaa peajibHoe npocTpaHCTBO- 
BpeMa c npocTpaHCTBOM MnHKOBCKoro [lj. 

Onepe,a;ejieHHe. IlycTb C — BpeMeHHnoflo6Hbiii hhjihh^p Y^=i x \ ^ r o B 
npocTpaHCTBe MnHKOBCKoro IL 4 . 06jiacTb U rjio6ajibHO rHnepSojinnecKoro 
npocTpaHCTBa M, a HHor^a h caMO M, Sy^eivi Ha3biBaTb j\a30M (cooTBeTCTByioiHHH 
aHrjiHHCKHH TepMHH — shortcut), ecjiH cymecTByeT H30MeTpHa x: (M — 
U) —> (IL 4 — C) h napa tohck p, q G (M — U) TaKnx, hto 

p^q, x(p) 7^ x(q) 

(HanoMHio o6o3HaHeHHa: a ^ b 03HanaeT, hto h3 tohkh a b mojkho 
npoBecTH HanpaBjieHHyio b 6yflyrn;ee npHHHHHyio KpnByio; HHJKe HaM eme 
noHa^oSaTca J + (a) = {x\a =4 %}, J~(a) = {x\x =4 a} n J ± (7) = Uae 7 ^ ± ( a ))- 
HTaK, M — Jia3, ecjin ero mojkho nojiynHTb H3 npocTpaHCTBa MnHKOBCKoro 
3aMeHoii HHJiHH,zrpa C C I 4 Ha HenTO TaKoe (a HMeHHO, Ha U), hto tohkh, 
npocTpaHCTBeHHono^o6HO pa3,n;ejieHHbie b IL 4 , CTaHOBHTca npnHHHHO CBH3aHHbiMH. 
riyTeniecTBHe ckbo3b Jia3 H3p b q KaK pa3 h ecTb CBepxcBeTOBoe nepeMemeHHe, 
t. k. Tejio nona^aeT Ty^a, Ky^a CBeT (6yn;b sto npocTpaHCTBO MnHKOBCKoro) 
flOHTH 6m He ycneji. 

IlpHMep 1. „Ily3bipb AjibKy6Heppe". Ha hjiockocth IR 2 paccMOTpnM 
MeTpHKy 

ds 2 = Q 2 (r)(dx 2 + dy 2 ), r = ^Jx 2 + y 2 
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r^e f2 — MOHOTOHHaa dpyHKHHa TaKaa, hto 

fi |r>r = fi |r<(l-«5)r = ^0 = COUSt, < 5, fi < 1. 

Bee npocTpaHCTBO, Kpoivie KOJienKa 1 — 5<r/r <l aBJiaeTca iljiockhm h, 
Sojiee Toro, npri r > r$ oho hcotjihhhmo ot Ebkjih^oboh njiocKOCTH. TeM 
He MeHee, TOHKa (x = — ro, y = 0) HaMHoro 6jmme (~ 2fio r o npoTHB 2ro) 
k flnaivieTpajiBHO npoTHBonojio>KHOH TOHKe (x = tq, y = 0), HeM b cjiynae 
EBKJiHflOBoii njiocKOCTH. EcTecTBeHHoe 4-MepHoe o6o6meHHe (cp. [2]) 

ds 2 = -dt 2 + ft 2 (r)(dx 2 + d:r 2 + da; 2 ) r = 

oneBH^HO aBjiaeTca Jia30M [cm. piia^a)]. 




Phc. 1: (a) Cbctoboh KOHyc BHyTpri Jia3a pacKpbiT (b ,a,aHHbix KOop^HHaTax) 
b 1/flo pa3 nrape, hc-m b npocTpaHCTBe MiiHKOBCKoro . Ilo3TOMy nyHKTiipHaa 
jiHHHa BpeivieHHnoflo6Ha. (6) „HcKyccTBeHHbift" Jia3. o npeflinecTByeT eMy. 

IlpHMep 2. „Tpy6a KpacHHKOBa". IlycTb M — 3to IR 4 c mctphkoh |3| 
ds 2 = (dx 1 - dt)(kdxi + dt) + dxj + dx 2 , (1) 
r^e k = k{r) — MOHOTOHHaa dpyHKipia Taxaa, hto 

k \r>r = !' k \r<(l-5)r = k = COrlSt ' ~1 < k < 0. 

IlpocTpaHCTBO, KaK h b npeflbiflymeM npniviepe, HCKpHBJieHO tojibko b cdpepHnecKOM 
cjioe TOJimHHbi S. TjiaBHoe — h, KaK mm yBH^HM HH»ce, Ba>KHoe — otjihhhc 
coctoht b tom, hto nyTeniecTBHe Tenepb mojkct 3aKOHHHTbca eu^e do mozo 
nan HanaAOCb, cm. pnc. [D[6). 3dxpeKT btot hhcto KOop^HHaTHbiii (BpeMa 
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H3MepaeTca b pa3Hbix TOHKax) h c HapynieHneM hphhhhhocth He CBa3aH. 
^eflcTBHTejibHO, paccMOTpHM cpyHKHiiio F = t+^^-xi ii jiioSyio HenpoflOJiacHMyio 
npii^iiiHHyio KpiiByio A(£), r^e £ — HaTypajiBHbiii napaivieTp bo BcnoMoraTejiBHoii 
eBKJIII^OBOH MeTpiiKe 

ds| = ul + uj\ + dxj + dxl, u) = dt + ^dxi, u\ = ^dxi 

(oHa OTjiii^iaeTCH ot MeTpiiKii Q TOJibKO 3HaKOM npn uJq). HeTpy^HO flOKa3aTb, 
^to |dF/d£| > (1 + ko)/2, OTKyfla hcho, hto A flOJiJKHa paHO hjih no3,a,HO 
nepecenb (eflHHCTBeHHbiii pa3) noBepxHOCTb F = 0. nocjie^Haa, t. o., aBJiaeTca 
noBepxHOCTbio Kohih M 11, cjie^OBaTejibHO (cm. jH npefljioxceHHe 6.6.3]), 
M rjioSajibHO rimep6ojiiiHHO. Hajinnne Tpe6yeMbix p h q oneBimHO, h mm 
3aKjiioHaeM, hto M — jia3. 

IlpHMep 3. „KpoTOBHHa". Bbipea<;eM H3 npocTpaHCTBa MiiHKOBCKoro ^Ba 
tohkiix Hiuiim^pa, cm. piic. EJa) , CKjieiiM rpaHiin,bi nojiy^HBinHxca flbip h 
„crjia^HM" MeTpiiKy b OKpecTHOCTii ckjichkh Tax, htoSbi ycTpaHiiTB bo3hhkihhh 
TaM pa3pbiB npoH3BOflHbix. riojiy^HBnieecfl npocTpaHCTBO (SJIEj, Ha3biBaiOT 




(a) (6) 
Phc. 2: KpoTOBiiHa c MeHaiomiiMca bo BpeMeHii paccToaHiieM MejK^y 

BXO^aMH. KOHHBI nyHKTHpHblX JIIIHHH CKJieeHbl. 

npomoeuHOU (b aHrjiofl3BiHHoii JiHTepaType — wormhole). HacTO Tax xe 
Ha3biBaiOT ii ero npocTpaHCTBeHHono,a,o6Hoe ce^eHne, pnc.[21[6). OnncaHHaa 
npon;e,ii;ypa Heo,n;H03HaHHa, t. k. tohkii Ha rpaHHHax hhjihh,hpob mojkho OTOJK^ecTBJiaTb 
no-pa3HOMy. 06bihho CKJienBaiOT tohkh c paBHbiM r, r^e r ecTb (jiopeHHeBo) 
paccToaHHe ,a,o HeKOTopoii njiocKOCTH — CKa>KeM, t = — roMepeHHoe b^ojib 
o6pa3yiomeH Hiuiim^pa. TaKoe npaBHjio Hy>KHO, ecjiH mbi xotiim onncbiBaTB 
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KpoTOBHHy, 3BOJiioii;HOHHpyioiii;yio, KaK noKa3aHO Ha pnc. Ef6): paccToaHne 
Me>Kfly BxoflaMH bo „BHenraeM" npocTpaHCTBe MeHaeTca, a (popivia kpotobhhm 
(h, cootbgtctbghho, ee „flJiHHa") — HeT. OneBn^HO, ecjiH npn t > o^hh bxo^ 
noKOHTca, a flpyron ,a,BH>KeTCfl, to y CKjienBaeMbix tohck OKaxceTca pa3Hoe t 
(„napa^OKC 6jin3HenpB"). IloBTOMy, KpoTOBrmy mojkho (b nacTHOCTn) Hcnojib30BaTb 
h fljia nepeiviemeHHH, KOTopbie „KOHHaiOTca paHbnie, neM HanajiHCb", cm. 
pHC.IHa). KaK ii b nponiJiOM npinviepe, sto He o6a3aTejibHO HapyniaeT npnHHHHOCTb: 
ecjiH At < L, npocTpaHCTBO ocTaeTca rjioSajibHO rnnepSojinnHbiM h, KaK 
cjie^CTBne, — jia30M. 

IlpHroflHOCTb jia30B fljifl Me>K3Be3flHbix nepejieTOB pa3JinnHa. By,a,eM tobophtb, 
hto TOHKa o £ M npeduiecmeyem Jia3y, ecjiH x mojkgt 6biTb npo^ojiJKeHa 
Ha M — J + (o), h Ha30BeM Jia3 eeunuM, ecjiH eMy He npeflniecTByeT HHKaKaa 
TOHKa. OneBH^HO, b OTcyTCTBne TaxnoHOB Jia3 mojkho HHTepnpeTHpoBaTb 
KaK co3^,aHHbiH no pemeHHK), npnHATOMy b p, tojibko ecjiH p STOMy Jia3y 
npe^HiecTByeT. BenHbiii me Jia3 co3^aTb BooSme Hejib3H, a mojkho TOJibKO 
naumu. 

Bee Tpn paccMOTpeHHbix Bbiiue Jia3a, 6yu;yHH CTaTHnecKHMH, hbjihiotch, 
KOHenHO, BenHbiMH. B cjiynae kpotobhhbi 3to oScToaTejibCTBO npHHUHnnajibHO 

— b rjioSajibHO rnnepGojinnecKOM npocTpaHCTBe-BpeMeHH KpoTOBHHa He MOxceT 
hh noaBHTbca, hh ncne3HyTb (cm. [3J npe^Jio^Kemie 6.6.8]). B to JKe BpeMa, 
flBa nepBbix jia3a jierKO MO,i],H(pHHHpoBaTb TaK, htoSm ohh nepecTajin SbiTb 
BenHbiMH. ^ocTaTOHHO OTMeHHTb npH t, r < r ycjiOBHa HajiojKeHHbie Ha 

h k, a npn t < r noTpeSoBaTb, htoSm h fc Smjih paBHbi 1. TaKHM jia3aM 
npe^niecTByeT, HanpnMep, Hanajio KOop,a,HHaT. 

K co>KajieHHio, TOHKa p, (pnrypnpyioinafl b onpe^ejieHHH Jia3a, He mo>kct 
STOMy Jia3y npeflinecTBOBaTb (nHane q — b npoTHBopennn c onpe^ejieHneM 

— jie»cajia 6bi b M — J + (p), nocKOJibKy x(g) jie»cHT b I 4 - J + [k{j>)]). 
T. o., Kor^a penieHne jieTeTb k J\ene&y npnHHTO, CTponTb Jia3 yace no3^HO 
b tom CMbicjie, hto T\ 3to He yMeHbiHHT. Mto, o^HaKO, He o6ecn,eHHBaeT 
n^eio TaKoro CTpoHTejibCTBa — Jia30M eme He no3,a,HO BOcnojib30BaTbcs ^jia 
yMeHbineHHa T2 (cm. pnc. E[6)), a bto, noxo>Ke, fljia npaKTnnecKnx Hyaffl 
ropa3^o Ba>KHee. 

2. KBAHTOBblE OrPAHUHEHPM 

J\o chx nop mm o6cy>K,a,ajiH bosmojkhoctb npeo^ojieHna „CBeTOBoro Sapbepa" 
c hhcto reoMeTpnaecKOH tohkh 3peHHH. OflHaKO, b paMKax OTO reoMeTpna 
BcejieHHofl h CBOHCTBa 3anojiHHK)Hi;ero ee BenjecTBa CBH3aHbi ypaBHeHHHMH 
3nHniTenHa Gik = 8nTik (3flecb n Hnace no yMOJinaHnio no^pa3yMeBaeTca 
cncTeMa e^HHnn,, b KOTopoii G = H = c = 1), vi mojkho nocTaBHTb Bonpoc 
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o tom, k&khmh CBOHCTBaMH flOJi>KeH oSjia^aTb TeH3op 3HeprHH-HMnyjibca 
(T3H) MaTepHH, sanojiHaiomeH Jia3. OKa3MBaeTca, bo Bcex paccMOTpeHHbix 
Bbinie npHMepax ecTb totkh, r^e Gikb l t k < fljia HeKOToporo BpeMeHHno,i],o6Horo 
BGKTopa t ii, 3HanHT, HapyinaeTca t. h. cjiaSoe SHepreTHnecKoe ycjiOBHe (C9Y), 
Tpe6yioiii;ee, htoSm 

T ik tH k ^ Vt: t% ^ 0, 

t. e. htoSm njioTHOCTb SHepriiii 6bijia HeoTpnuaTejibHa b jiioSoh ciicTeivie 
OTC^eTa. XoTa CTporoe ,n;oKa3aTejibCTBO noKa Hafi^eHO tojibko ^Jia kpotobhh 
0, noxo>Ke, hto HapynieHne C3Y npncyme Jim6oMy Jia3y. TpySo roBopa, 
ecjiii 6m njioTHOCTb BHepriiii Bciofly Sbijia HeoTpHHarejibHa, to ecTecTBeHHO 
6bijio 6m o>KiiflaTb, hto Ha 6ojibiniix paccToaHiiax (t. e. b Hbiotohobckom 
npe^ejie) rpaBHTanrioHHoe nojie y6biBajio 6m, KaK 1/r 2 , a He Hcne3ajio coBceM, 
KaK Toro Tpe6yeT onpe^ejieHne Jia3a. 

B KJiaccHHecKofi (pH3HKe njioTHOCTb BHeprnn npe^nojiojKHTejibHO He MO>KeT 
6biTb OTpHHaTejibHoii (nosTOMy BemecTBO, Hapymaiomee C3Y Ha3biBaiOT 
9K3omuHecKUM) h t. o. fljia CBepxcBeTOBbix nepejieTOB ocTaiOTCfl ppe bo3mo>khocth: 

1) . Mo>kho HCCJie^OBaTb CHTyan,HH, b kotopmx HapymeHHa C3Y CB5i3aHbi 
npocTO c TeM, hto mm npHnncajin HyjieByio KpHBH3Hy oSjiacTH N. TeM caMMM 
mm 3apanee nocHHTajin OTcyTCTByiomiiMH jno6bie hctohhhkh SHeprnn h, b 
tom HHCJie, HyjKHbie fljia oSecneneHHa (coSjHOflaiomero C3Y) CBepxcBeTOBoro 
nepejieTa. Hto6m nocjieflOBaTejibHO ynecTb HajiiiHiie noTeHHiiajibHbix hctohhhkob 
SHeprnn (cKaaceM, 3Be3,a„ jie^Kamnx nyTb b CTopoHe ot npaMOH 3eMjia-,HeHe6) , 
noH3Tne Jia3a npii^eTca o6o6mHTb (sto He Tpynrio) TaK, hto6m M cpaBHHBajiocb 
He c L 4 , a c hckhm — tojkc hckphbji6hhmm — M'. TaKoro po,n;a Jia3bi, 
fleflcTBHTejibHO, He Tpe6yiOT 3K30THHecKoro BemecTBa (cm. IIpHJiojKeHHe b 

0), HO BOnpOC O TOM, HaCKOJIbKO 3(J)(peKTHBHMMH B 9TOM CJiyHae OHH MOiyT 

SbiTb, ocTaeTca otkpmtmm. 

2) . Mo>kho TaKJKe ynecTb KBaHTOBbie nonpaBKH k ypaBHeHHaM BinnHTeima. 
B nojiyKJiaccHnecKOH rpaBHTaHHH |H1 El nocjie^HHe npnoSpeTaiOT bh^ 

G ik = %nTg + &nT ik , 

r^e Tg — BKJiafl KJiaccHnecKoii MaTepnn, a BTopofi hjich — sto peHopMHpoBaHHoe 
cpe^Hee 3HaneHHe T3H paccMaTpHBaeMoro nojia. H3BecTHO, hto T ik mojkct 
HapyniaTb C3Y (KjiaccHHecKHH npnMep — 3(p(peKT Ka3HMnpa). 3Ta, BTopaa 

B03MOJKHOCTB C TOHKH 3peHH5I KBaHTOBOH TeOpHH nOJIil rOpa3,I],0 HHTepeCHeH, 

Ha Hen mm h ocTaHOBHMca. 

IlycTb j(t) — MHpoBaa jihhhh cboSo^ho naflaiomero HaGjHO^aTejia h t — 
ero co6cTBeHHoe BpeMH. PaccMOTpHM „ycpeflHeHHyio c x" hjiothoctb BHeprnn 
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p = Tqq (nuianKH Ha^ HHfleKcaMii TeH3opa 03HanaiOT, mto ero KOMnoHeHXbi 
onpeflejiaiOTca b opTOHopMiipoBaHHOM 6a3nce, c HyjieBbiM optom d T ) 



Px( T o) = / P( r )x(r ~ t ) dr, 

J —oo 

r^e HHTerpaji Sepexca b^ojib 7, a (pyHKiriia \ HopMiipoBaHa ycjiOBiieM 

X(r) dr = 1. 



B cjiynae CKajiapHoro (c MiiHiiMajiBHOH CBa3Bio) h sjieKxpoiviarHHXHoro nojieii 

B C?-MepHOM IipOCTpaHCTBG MpIHKOBCKOrO (d = 2,4) ^OKa3aHO |lflj . HXO flJIfl 

(pyHKn,HH cnen,HajiBHoro Bn,zra, a hmghho h(r) = 7r _1 A/ (r 2 +A 2 ), cnpaBeflJiHBO 
HepaBeHCTBO 

p h > -A- d . (2) 

<DaKx 3tot nacTO HHxepnpexiipyexca KaK MaxeMaxunecKoe BbipajKeHiie HeKoero 
„npnHn,nna ^onojiHiixejiBHOCxii" , CBa3BiBaioiu,ero HapyrneHiia C3Y c npoMexcyxKOM 
BpeMeHH A, b TeneHHe KOToporo ero mo>kho Ha6jiio,zraxB: HeM cmiBHee HapyineHPie 
(t. e. neM 6ojiBine |p|), TeM MeHbnie A. Hcxo^a H3 H^en, hto HCKpiiBjieHHoe 
npocTpaHCTBO aBJiaeTca „noHTH ruiocKiiM", ecjin paccMaxpiiBaexca ,n;ocxaxoHHO 
MajieHbKaa o6jiacTb, Oopfl 11 PoiviaH npe^nojiojKHJiH hto noflo6Hbifl 

npiirmiin BepeH yHHBepcajiBHO — x. e. ^Jia jiio6bix KBaHxoBbix cocxojihhh 
jiioSbix CBo6oflHbix* nojieii b jiio6om npocxpaHCXBe-BpeMeHH. KoHKpeTHO, ecjiH 
ycpe^HeHHe npoH3BO^,Hxca c cpyHKinieii /: 

Bupp/e(rx,r a ), r[r(r)] 2 //(r)dr<l, (3) 

J n 

xo, npeflnojio>KHxejibHO [12], ^ojijkho BbinojiHaxbca HepaBeHCXBO 

Pf >-T- d VT<T Rl (4) 

r^e 

T = |t 2 - Ti|, T R = ( max \R- tj rhh\) 1/2 ■ 

MaKCHMyM 3,a,ecB 6epexca no BceM KOMnoHeHxaM 11 BceM r G (ti, T2). OnsHnecKHH 
cmbicji „KBaHxoBoro HepaBeHCXBa" Q npniviepHO xox ace, hxo h (j2J, a ycjiOBiie 
Ha T flOJiJKHO rapaHxnpoBaxB Majiocxb paccMaxpiiBaeMoft oSjiacxn (nHor^a 
ero npiixo^iixca ^onojiHaxb hckhm xonojioriiHecKiiM xpeSoBaHiieivi, cm. pa3xeji l3~T|) . 

*Hto fljifl B3aHMOfleiicTByK)iri,Hx nojieii oh 3aBe,n,OMO HeBepeH, bh^ho y»ce H3 toto, hto 
eMy He nofl^HHaeTCfl (flaxe b njiocKOM npocTpaHCTBe) 9(p(peKT Ka3HMHpa, b kotopom 
pit) = const < 0. 
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Bbl6op CpyHKHHH (pj BbI3BaH TeM, HTO HMeHHO JJJIH TaKHX / HepaBeHCTBO 

(|H) y/iajiocb ^OKa3aTb (npn d = 2 jijih 6e3MaccoBoro CKajiapHoro nojia b 
coctohhhh KOHcpopMHoro BaKyyMa 1 1 3| 114)) . 

KBaHTOBoe HepaBeHCTBO (KH) no3BOJiaeT BecbMa 3(p(peKTHO npofleMOHCTpnpoBaTb 
„He(pH3HHHOCTb" jia30B, paccMOTpeHHbix Bbiine |lf)jt. Xofl paccyat^eHHH npH6jiH3HTejibHO 
TaKOB. IlycTb p TaKaa TOHKa, hto nepe3 Hee npoxo/iHT BpeMeHimo;j;o6HbiH 
reofle3HHecKHH cemeHT 7(1") jjjihhm Tr, bjxojib KOToporo p OTpimaTejibHa h 
npiiMepHO nocTOflHHa. ripe^nojiOKHM, 

max \R i3 rhh{p) | < max \T M (p) | « -p(p) (5) 

(bo Bcex Tpex Jia3ax fleiicTBHTejibHO mojkho HaiiTii p, yjjOBjieTBopaiOHryio 
npe^flBjieHHbiM Tpe6oBaHiiaM) . IIpHMeHiifl (j^J) c T = Tr k 7, nojiyniiM 

|P/I < 7r 4 = ( maX l^jmnl) 2 < P 2 {P) (6) 

HJIH 

Ip(p)I>p/Mp)«i- (7) 

T. o. njioTHOCTb SHeprHH b p ;j,oji>KHa 6biTb IljiaHKOBCKOH! B paccMOTpeHHbix 
Bbinie npHMepax mojkho npe^CTaBHTb ce6e, hto C3Y HapymaeTca TOJibKO b 

TOHKOM — CKajKeM, IljiaHKOBCKOH TOJIIHHHbl — CCpepilHeCKOM CJIOe. OflHaKO, 

ecjiH mm xothm Hcnojib30BaTb Jia3 fljia nepeMemeHiia MaKpocKoniiaecKiix 
oSteKTOB (c xapaKTepHbiM pa3MepoM I), to ecTecTBeHHO ojKii/iaTb, hto JxiiaMeTp 
cjioa 6y^,eT ~ / 11 o6T>eM V ~ irlp\l 2 . IIosTOMy npn I ~ 1m „cyMMapHoe 

KOJIHHeCTBO OTpHIl,aTejIbHOH SHeprilll", 3aKJIK)HeHHOe flaJKe B CTOJIb TOHKOM 

cjioe 6y^,eT Hyjj,OBHin,HbiM: 

= -" v ~ T ( (hexio-'Cp ) 1 m2(1 ' 6 x 10_35m) k 3 x 1062 Kr ' (8) 

OneBHflHO, KaKOB 6bl HH 6bl JI (HeCKOJIbKO TyMaHHblil) (|)H3HHeCKHH CMblCJI 

BejiHHHHbi Efo t , 3tot pe3yjibTaT cjie^yeT HHTepnpeTnpoBaTb KaK nojiHyio 
HeB03MO>KHOCTb co3flaHHH TaKoro pojja jia30B jj,a>Ke b oneHb OTiiajieHHOM 
SyjjymeM. CaM no ce6e stot (paKT He cjihhikom BaaceH b cjiynae npocTpaHCTB 
H3 npHMepoBQJEJ ^eficTBHTejibHO, 06a npocTpaHCTBa BbiSnpajiacb HacTOJibKO 
npocTbiMH, HacKOJibKO no3BOJiajia 3a^aHa, jj,jifl KOTopoii ohh Gmjih npiijjyMaHbi: 
HjijnocTpan,HH npuHi^unuaAbuou cobmccthmocth CBepxcBeTOBbix nepeMemeHiiii 
c 3anpeTOM jiOKajibHoro npeBbimeHiia ckopocth CBeTa. Mo>kho npe^nojiaraTb 
noBTOMy, mto He>KejiaTejibHbie CBoficTBa TpeSyioinnxca jj;jia hhx hctohhhkob 
aBJiaiOTca cjieflCTBiiaMii hmchho stoh npocTOTbi. IlpoSjieMa, ojjHaKO, b tom, 
hto paccyjKfleHiia, npiiBe/jHiiie k (JHJ), npe/iCTaBJiaiOTca HacTOJibKO o6hi;hmh, 
hto Ka>KeTca, 6yflTO ohh cnpaBefljiHBbi ,a,jia aw6oso Jia3a. 3to 03HaHajio 6bi, 
hto KBaHTOBoe HepaBeHCTBO HCKjHonaeT CBepxcBeTOBbie nepeMemeHHH. 
^Ha caMOM jj;ejie, b sthx pa6oTax paccMaTpiiBajincb ^yTb 6ojiee cjiojKHbie MeTpiiKii. 
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3. yHMBEPCAJlbHOCTb OrPAHMHEHMM 



OGihhoctb paccy>KfleHHH, o6ocHOBbiBaioiHHx ((HI), b flencTBHTejibHOCTH He- 
ckojibko oSiviaHHHBa. CymecTByeT pa^; CHTyaHHH, b kotopmx KH, R&yne ecjin 
oho cnpaBefljiHBO, He Tpe6yeT, TeM He MeHee, cnpaBe^jiHBOCTH ((HJ). PaccMOTpHM 

HeKOTOpbie H3 HHX (n0^po6HOCTH CM. [H 16J). 

3.1 HejiOKajibHbie acpcpeKTbi 

KaK H3BecTHO p], y 6e3MaccoBoro CKajiapHoro nojia Ha HHJiHH,npe 

ds 2 = — dt 2 + dx 2 x = x + L. 

ecTb KBaHTOBoe cocToaHne, b kotopom p = — |L~ 2 . TaKaa hjiothoctb SHeprnn 
oneBH^HO npoTHBope^HT pj), nocKOJiBKy b flaHHOM cjiynae Tr = oo. Bo3mo>kho, 

3TO CB33aH0 C TeM, HTO Ha MaCIHTaSaX > L IJHJIHH,ZI,p — XOT5I OH H njIOCKHH 

— Bee >Ke „He^ocTaTOHHO noxo>K" Ha nacTb npocTpaHCTBa MnHKOBCKoro. 
T. o. ycjiOBne Ha BejiHHHHy T b (|1J) Heo6xoduMo donojmumb eme KaKHM- 
Hn6y^b Tpe6oBaHHeM, KOTopoe 6bi yHHTbiBajio TaKyio bosmojkhoctb. Mojkho, 
b nacTHOCTH^, orpaHHHHTb ^eiicTBHe KH reo,a,e3HHecKHMH 7 HacTOJibKO kopotkhmh, 
hto J 7 = J + ('~f) H J - (7) HMeeT Tonojiornio niapa (kbr sto HMeeT MecTO 
b IL 4 ). TaKoe ycjiOBne, o,a,HaKO, BbiBO^HT H3-nofl ^eiicTBHa KH Han6ojiee 
HHTepecHyio pa3HOBHflHOCTb kpotobhh. ^eiicTBHTejibHO, nycTb A — jiio6oh 
BpeMeHHno^o6HbiH reo^e3HnecKHH OTpe30K b ropjiOBHHe CTaTHnecKOH (^Jia 

npOCTOTbl) KpOTOBHHbl. MOJKHO nOKa3aTb, HTO npH At — > L H HeU3MeHH0U 

zeoMempuu zopAoeunu Ha A o6a3aTejibHO HaiyiyTca tohkh, coe^HHHMbie 
HezoMomonnou A hphhhhhoh kphboh (h 3HaHHT J\ ym tohho He map). 
T. o., KH OKa3biBaeTca TeM MeHee orpaHHHHTejibHbiM, neM „3(p(peKTHBHee" 
KpoTOBHHa c tohkh 3peHHH Me>K3Be3flHbix nepejieTOB. 

3.2 HcKpHBjreHHe npocTpaHCTBa y,a,ajieHHbiMH TejiaMH 

Ba>KHyio pojib npn BbiBO^e (JIJ) nrpajio HepaBeHCTBO b Bbipa>Kaioiii;ee 

HfleiO, HTO KpHBH3Ha B p B03HHKaeT 3a CHeT HajIHHHH B p 3K30THHeCKOrO 

BemecTBa. C yneTOM ypaBHeHHH SnHHiTeHHa oScyjK^aeMoe HepaBeHCTBO npnoSpeTaeT 

max | Rijmh ip) | < max | G u (p) | (9) 

"^9to o6o6meHHe ycjiOBiifl, KOTopoe <I>biocTep |14j Hcnanb3yeT b cjiy^ae d — 2. ^Jpyrnx 
npneMjieMbix (t. e., xax mehhmym, koop^hhcltho He3aBiiciiMbix) BapnaHTOB no,a;o6Horo 
ycjiOBHii noxa He npe^,jiarajiocb. 
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h na nepeuu 63zah3 ^ojijkho BbinojiHHTbca Bcer^a npn OTcyTCTBHii cneHiiajibHbix 
CHMMeTpHH hjih noflroHOK napaivieTpoB. 3to, o^HaKO, He BepHO. KpnBH3Ha b 
tohkb onpe^ejiaeTca (cpe^n nponero) TeH3opoM Beiijia: 

-Rijmh Cjjrhn 9i[n^ j rn\ j 9j[rh,Rh]i ^9i[rh9n]j^ 1 ' 

T. o. ocHOBaHiia o>KH^,aTb, hto Q cnpaBeflJiHBO, ecTb TOJibKO, Kor^a 

P = max \Cr 3 rhh\/ max \R^\ < 1, 

a 3to, KaK npaeuAO, He BbinojiHaeTca. B nacTHOCTH, b ./iw6ou HCKpHBJieHHOfi, 
ho nycTOH o6jiacTH (HanpHMep, b OKpecTHOCTH jiioSoh 3Be3flbi) P = oo. 

3.3 HeoflHopoflHoe pacnpe^ejieHHe MaTepnn 

]lonpo6yeM BOcnpoH3BecTH BbiBOfl ((HI), onycTHB ycjiOBHe nocToaHCTBa p(r). 
Tor^a fljia onpaB^aHna nocjieflHero HepaBeHCTBa b (j^J) npn^eTca noTpe6oBaTb 
\p(p)\ ~ max 7 |p|. C flpyroii ctopohm, fljia Q HyjKHO |p/| > |p(p)|. 3HanHT 
fljia nojiyneHHa tskhm cnocoSoM (JHJ) cymecTBeimo, htoSbi |pj| « max 7 |p|, 
t. e. 

|P/l>|p|, p = T-' I' p(r)dr (10) 

(p, oneBHflHO, ecTb o6u%noe cpe^Hee). BKyne c (£3J sto 3HanHT, hto HeoSxoflHMbiM 
ycjiOBHeM aBJiaeTca 

\p\<T- d npn T<T fl . (11) 

BepHO jih HepaBeHCTBO (jlj) 3a npe^ejiaMH ^ByiviepHoro KOHcpopMHO-Tpn- 
BnajibHoro cjiynaa Hen3BecTHO, ho bot tjllj) onpe^ejieimo HapyniaeTca ^,aa<:e 
h b 3tom cjiynae |16j . 

IlpHMep 4. PaccMOTpHM ^ByiviepHoe npocTpaHCTBO CnTTepa. Ilpn noflxoflameM 
Bbi6ope KoopflHHaT u, v (noRpbiBaroiinix ece npocTpaHCTBo) MeTpnKa b o6jiacTH 
W = {e < arctge 2l> < arctge 2 " < | — e} npnivieT BHfl 

ds 2 = a 2 sinh~ 2 (-u — v)dudv . 

T3H 6e3MaccoBoro CKajiapHoro nojia b coctohhhh KOHdpopMHoro BaKyyMa, 
accoHHHpoBaHHoro c Tax 3anHcaHHOH MeTpHKoft [9J 

T —T = — T — — sinbr 2 f?y — v) 

vv ± uu 127r' - 1 ™ i2ir ° \ u ° /• 

IlycTb 7 — cerivieHT BpeMeHHnoflo6Hoii reofle3HnecKOH, 3a^;aHHbiH ycjiOBHeM 
v + u — 0, te[t 1 ,t 2 ], t=\{v — u). 
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IloTpeSyeM, oSecnennB bthm, b nacTHOCTH, 7 C W, hto6bi 

ilntane < t\ < t 2 <C —1. 



IljiOTHOCTb SHeprnn, H3MepeHHaa Ha6jno,n;aTejieM c MnpoBofi jiHHHefi 7, Sy/xeT 
P = Tqq = 2(T UU - T uv )(a 2 smh~ 2 (u - v))' 1 f 



smh 2 (u — f 1 



67ra 

OTKy^a 



-p = / a -1 sinhf-u — v) dt ps a^e -2 * 1 . 

^ 6tt L v 7 24vr 



B to >Ke Bpeivia 



T= - / a sinh" 1 2t dt « a / e s ds w «e 2 ' 2 . 



TaKHM o6pa30M, 



*ito oneBH^HO HapyniaeT (k TOMy ace ckojib yro^HO chjibho npn ^ocTaTO^HO 
Majibix e m ti) HepaBeHCTBO (JHJ). 

3.4 „3KOHOMHi>ie" Jia3i>i 

7Ja>Ke ecjiH njiOTHOCTb SHeprrra 3K30THHecKoro BemecTBa p ~ — 1, OTCiOfla b 
o6n];eM cjiynae Bee eme He cjie^yeT Q. rljejio b tom, hto V, Ha caMOM irejie, 
He o6a3aTejibHO JxojDKeH 6biTb > / 2 . 

IlpHMep 5. „IlopTaji". BBe^eM ^Be nojio>KHTejibHbie KOHCTaHTbi, po, h 

T} e , CB33aHHbie Tpe60BaHHeM Pq ^> T] 2 , H JJBe (pyHKHHH — npOH3BOJIbHyK) 

rjia^Kyio neTHyio cbyHKHHio e{rf) co cbohctbom supp e = (—tj e , rj E ) h p, onpeflejieHHyio 

paBeHCTBOM 

p(?y,^) = po- 77 2 cos2^. 
PaCCMOTpHM npocTpaHCTBO-BpeMa 

ds 2 = -dt 2 + 4(e 2 + rf) (drf + 77 2 d^ 2 ) + p 2 d0 2 , 

T],p>0, = + 2tt, -0 = -0 + 2tt. ^ ' 

(no,i],pa3yMeBaeTca, hto tohkh c rj = 0, pa3JiHHaionTHeca tojibko 3HaneHHeM 
ip, OTOK^ecTBjiaiOTca, Tax >Ke KaK h tohkh c p = 0, pasjiH^aiomneca tojibko 
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3HaneHHeM 0) . Hto6m yBH^eTb CTpyKTypy 3Toro npocTpaHCTBa-BpeivieHH (no,n;po6Hee 

CM. 0), 3&MeTHM, HTO npH T] > T} e MeTpHKa HMeeT BHfl 

ds 2 = -dt 2 + dz 2 + dp 2 + p 2 d0 2 , 

r^e z = rf sin 2ip. IlocKOJibKy z(if)) = z(tt+tt), mojkho npe^CTaBHTb npocTpaHCTBO 
(|12jl . KaK pe3yjibTaT cjieflyromeH xiipypriiii. Bo3bMeM ^Ba 3K3eMnjiapa EBRjiH^OBa 
npocTpaHCTBa IE 3 11 BbipejKeM H3 KajK^oro no flncKy T> pa^nyca pq. Ckjichm 
Tenepb sth pa3pe3aHHbie npocTpaHCTBa: jieBbiii 6eper KajK^oro pa3pe3a OTOJKflecTBJiaeTca 
c npaBbiM 6eperoM ,a,pyroro. IlojiyHHBnieeca npocTpaHCTBO (Ha caMOM ^ejie, 
3to npocTO ,i],ByjiHCTHoe HaKpbiTne IE 3 — S, r^e S = BdP) cnHryjiapHO, t. k. 
mm Bbmyat^eHbi y,a,ajiHTb tohkh BeTBjieHna § (b hhx TepaeTca CTpyKTypa 
xaycflopdpoBa MHoroo6pa3na). OKa3biBaeTca, oflHaKO, hto ecjin ^ojiJKHbiM 
o6pa30M HCKpnBHTb ero MeTpnKy b nojiHOTopnn (TOJimimbi 7/ 2 b HanieM 
cjiynae), OKpyjKaioineM S, to yKa3aHHaa CHHryjiapHOCTb ycmpanuMa. B npocTpaHCTBO 
moxho BKjienTb OKpyacHOCTb Tax, hto oho CTaHGT nojiHO. 3to h Sy^eT ceneHne 
t = const npocTpaHCTBa-BpeivieHH l|12jl . 

MtoSm nojiynnTb H3 (fT2|) Jia3, ^ocTaTonHO y^ajiHTb no nojiynpocTpaHCTBy 
— CKa>KeM, z > d n z < —d — H3 KajK^oro JincTa, a noaBHBnineca rpaHHinsi 
CKJienTb. Pe3yjibTaT noKa3aH Ha pnclHl^a). 




Pq 



(a) (6) 

Phc. 3: (a) „riopTaji". J\v& cepbix KOJibna, Ha caMOM ,a,ejie, npe^CTaBjiaioT 
coSoii eduHuil nojiHOTopHii. BepxHaa TOJiCTaa KpnBaa HenpepbiBHa. HnxHafl 
— aBJiaeTca HecTarnBaeMon neTJien. (6) „KapiviaH BaH ,HeH BpyKa". C3Y 
HapyniaeTca tojibko b ropjiOBHHe (Sojiee TeMHbin ynacTOK). 

MaKpocKonHnecKoe Tejio MOxceT npoiiTH ckbo3b nopTaji c po ~ 1/2 npn 
tom, hto oSjiacTb HeHyjieBoii KpnBH3Hbi b TaKOM nopTajie HMeeT o6T>eM V ~ 
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7rZ (a Bbi6paji rj e ~ 1). ,Ha:>Ke ecjin OHa bch 3anojiHeHa 3K30THHecKHM BemecTBOM 
njiaHKOBCKoii hjiothocth, to \E^ ot \ npn I ~ 1m cocTaBHT ~ 5 x 10 27 kt. Xoth 
3to h oneHb Sojibinaa BejiHHHHa, OHa Bee >Ke Ha 35 nopa^KOB (!) MeHbine toh, 
wto npeflCKa3aHa (jHJ) h cocTaBjiaeT „Bcero jinnib" ~2x 1O~ 3 M . 

Cjie^yeT TaK>Ke OTMeraTb, hto Jia3, npnroflHbiH ,a,jia TpaHcnopTiipoBKii 
MaKpocKonH^ecKHx Teji He o6a3aH cclm 6biTb MaKpocKonHnecKHM, oScTOHTejibCTBO 
no3BOJiaiOHi;ee, b npHHiinne, yMeHbiHHTb E^ ot eme Ha 35 nopaaKOB. ,Hejio b 
tom, hto ^aa<e oaeHb 6ojibinoH o6T>eM MoateT SbiTb orpaHnaeH ccbepoii oaeHb 
MajieHbKoii njioma^H. HanpHMep, b npocTpaHCTBe, noKa3aHHOM Ha pnc. E^6) 
oSjiacTb 3anojiHeHHaa 3K30thhgckhm BemecTBOM — bto ccpepnaecKHH cjioh 
paanyca r BH . H KaKOio 6bi Gojibihoh hh 6biJia o6jiacTb c naccaaaipoM, r BH 
MoaceT ocTaBaTbca MHKpocKonnaecKHM [17J. Moaoio, b aacTHOCTH noTpe6oBaTb 
r BH ~ 1. ,ZLih yaepacaHHH ot cxjionbiBaHna TaKoro „KapMaHa" apcTaTOHHO, 
OKa3biBaeTca, Bcero E^ ot ~ — 10~ 3 r 3K30THHecKOH MaTepnn p^. 
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